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Abstract 
It was studied the landfill leachate biological treatment by nitritation/ in an activated sludge sequencing batch reactor. 
Treatment cycles were formed by an anoxic and an aerobic phase. The conditions for nitrogen oxidation with sustained 
nitrite accumulation at the end of the aerobic stage and the use of leachate organic matter as carbon source for denitrifying 
organism in the anoxic stage was determined. The removal efficiencies of N-NO2- at the end of the anoxic phase (1 hour) 
ranged between 8 and 31% indicating low availability of easily biodegradable organic matter in the leachate. No 
imbalance was observed over the nitritation process at the end of the aerobic phase (48 hours) of treatment cycles and the 
specific rates ranged from 0,043 to 0,154 Kg.N-NH3/Kg.SSV day, demonstrating the applicability of the simplified 
nitritation/denitritation in the treatment of effluents with low C/N. 
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Nomenclature 
 
V1 Volume of the reactor at the end of the anoxic stage (L) 
V2  Volume of the reactor at the end of the aerated stage (L) 
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pH1 Initial pH 
pH2 pH of the contents of the reactor at the end of the anoxic reaction 
1. Introduction 
The major environmental problems experienced at landfills are the loss of leachate from the site and the 
subsequent contamination of surrounding land and water. Leachate results from percolation of water and 
liquid waste through solid waste. Generally, leachate can be described as a saline complex high strength 
wastewater, containing metals and rich in ammonium and organic matter. The high levels of ammonium can 
cause environmental problems and must therefore be treated to a certain level, before being discharged into 
the natural environment. Research is done in order to optimize existing nitrogen removal strategies and to find 
new ways to respond to new stricter legislation concerning nitrogen discharge from wastewater treatment 
plants (WWTP). Traditional nitrogen removal strategies consist in nitrification denitrification processes, 
which require energy for nitrification and subsequent organic matter for denitrification. A process termed 
ammonium is converted into nitrite only before transformation into free nitrogen. It has been used in full scale 
for treatment of digester supernatant whereas the experience on leachate is limited. This project consisted in 
making a feasibility study of the nitritation/denitritation process for treatment of landfill leachate in an 
activated sludge sequencing batch reactor in two successive phases: Anoxic and Aerated. Throughout the 
study was to operate the reactor in order to observe and analyze the accumulation of nitrite at the end of the 
aerated phase of treatment cycles and the use of organic matter in the leachate as the only carbon source for 
denitrification during anoxic stage, for this were evaluated 15 cycles. The results will set the operational 
conditions of the next stages of research, such as dilution ratio, volumetric application rates, the need for post-
treatment and addition of an external carbon source to achieve biological reduction of all nitrogen oxidized to 
nitrogen gas, where the anoxic phase duration was one hour and aerated phase lasted until the complete 
oxidation of ammonia nitrogen. 
2. Material and Methods 
To meet the objectives proposed were employed landfill leachate from the São João Landfill, located in the 
eastern of São Paulo City (State of São Paulo, Brazil), which began operations in 1992 and ending its 
activities in October 2007. During his lifetime it received 27.9 million tons of solid waste, with the volume of 
leachate generated in recent months about 1800 m3/day.  
The treatment system was conformed for an activated sludge sequential batch reactor of 70L, constructed 
of acrylic with internal dimensions (42 x 42 x 66) cm, rounded out the system: air dispersion system in the 
mass of liquid, and a mechanical agitator power of 12 HP and 1014 g.  
The operational routine and sampling plan showed in Fig. 1, comprising: Feeding the system with a 
leaching rate of 10% (7 liters of leachate to 70 liters of reactor volume), this allows you to use the 
phenomenon of dilution to control concentration of pollutants at the beginning of the anoxic reaction phase, 
which provides a certain stability to the treatment process preventing the occurrence of phenomena of 
inhibition in biomass due to the toxicity of high concentrations of nitrogen in the leachate. Then it was 
beginning the Anoxic Stage, slow stirring provide a completely mixing of the liquid inside the reactor with 
the aim of reducing the whole mass of oxidized nitrogen in the form of nitrite (NO2-) to nitrogen gas 
(desnitritación). After initiating the Aeration Stage, when dissolved oxygen concentration inside the reactor 
maintain around 2-2,5 mgO2/L, in order to oxidize the ammoniacal nitrogen to levels not detectable by the 
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analytical method used, at which point it was stopped aeration and sedimentation proceeded for about 30 
minutes. Table 1 show the operating conditions used during the treatment cycles. The physical-chemical 
analyses in different stages of the research were conducted in accordance with Standard Methods. 
Table 1. Operating Conditions  
Cycle 
DBO 
initial 
(mg/L) 
COT 
initial 
(mg/L) 
TNK 
initial 
(mg/L) 
N-NH3 
initial 
(mg/L) 
V1 (L) V2 (L) T1 T2 
 
pH1 
 
pH2 
 
pH3 
Application 
Rate 
(KgDBO/m3) 
c 
(days) 
1 532 691 2358 2156 67,80 65,80 01 48 8,24 8,24 8,01 0,532 203 
2 1816 2188 2212 2016 67,80 66,00 01 32 8,27 8,20 8,03 1,816 406 
3 556 619 2128 1826 68,30 66,95 01 48 8,27 8,30 8,59 0,556 124 
4 1318 809 2162 1960 68,40 67,10 01 32 8,11 8,36 8,76 0,809 236 
5 1911 2078 2190 1943 68,90 67,55 01 48 7,90 8,10 7,78 1,911 132 
6 1818 2466 2111 1876 68,90 68,10 01 48 8,29 8,30 8,23 1,818 181 
7 406 790 2352 2083 68,90 68,30 01 48 8,21 8,11 7,82 0,406 188 
8 614 818 2223 1988 69,00 68,80 01 48 7,90 8,91 8,82 0,614 157 
9 265 595 1344 868 69,10 68,50 01 40 7,87 8,06 7,85 0,265 369 
10 376 732 1792 1630 68,90 68,30 01 40 7,96 7,93 8,08 0,376 267 
11 198 897 1803 1624 69,00 68,20 01 48 8,00 7,92 7,76 0,198 275 
12 651 1039 1736 1512 68,50 67,60 01 48 8,00 8,02 8,53 0,651 126 
13 328 975 1876 1764 68,40 67,50 01 48 8,00 8,25 8,48 0,328 225 
14 1298 2125 2184 1994 67,80 66,30 01 24 8,11 8,23 8,05 1,298 200 
15 621 1320 2072 1932 68,40 67,10 01 24 8,09 8,50 8,76 0,621 218 
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Fig 1. Chronological sequence of treatment cycles 
3. Results and discussion 
Leachate from São João Landfill, present average values of BOD, COD and TOC of 813 mg/L, 5414 mg/L 
and 1243 mg/L respectively. The ratio BOD/COD average was 0.17, suggesting a leachate with low 
concentrations of readily biodegradable substances such as fatty acids, so that there is a depletion of soluble 
substrates and relatively high amounts of combinations of humic and fulvic acids, may therefore be 
considered as a leachate from an old landfill in methanogenic phase of stabilization, where the methane 
production rate is maximal and weakly biodegradable organic matter goes through a slow process of 
metabolism, forming complex molecules of high molecular weight. Other indicators include high levels of 
NKT (2036 mg/L) and ammonia nitrogen (1811 mg/L) characteristic of stabilized leachate as a result of the 
prolonged process of degradation that occurs in the filling which leads to the release of nitrogen associated 
with organic matter. 
During the Anoxic Phase (with duration of 1 hour), there were no significant removal of nitrite, (between 8 
to 31%) indicating that the leachate did not show the amount of biodegradable organic matter required for 
complete denitritation. Moreover, the removal of BOD under anoxic conditions was greater than 80% in all 
cycles of treatment, we infer during anoxic reaction heterotrophic microorganisms used biodegradable organic 
matter present in leachate for nitrite reduction, which was consumed during the first hour of anoxic stage, 
resulting in low specific denitritation rates: 1,304 Kg.N-NO2-/Kg.SSV day. The results in Table 2, show that 
the process of denitritation using the own organic matter present in the leachate as carbon source is limited by 
the small amount of biodegradable organic matter, because predominantly recalcitrant substances 
(characteristic of old landfill leachate in methanogenic stabilization phase), with high molar mass and very 
complex structures, as is the case of humic substances that may offer difficulty to biodegradation. 
Table 2. Results of Anoxic Phase 
Cicle T (°C) pH 
Total 
Alkalinity 
(mg/L 
CaCO3) 
DBO 
(mg/L) 
COT 
(mg/L) 
Rem 
DBO 
(%) 
Rem 
COT 
(%) 
SSV 
(mg/L) 
Nitrito 
(mg/L) 
Rem 
 N-NO2- (%) 
Esp. 
desnitritation 
rate  
(KgNO2-/ Kg 
SSV.dia) 
1 23 8,24 1640 50 512 91 28 3080 169 31 0,646 
2 24 8,20 1400 75 523 96 77 1830 161 21 0,552 
3 23 8,30 2740 150 454 74 28 1180 119 29 0,993 
4 25 8,36 1900 75 522 91 61 2100 174 10 0,207 
5 23 8,10 1700 214 542 89 74 1550 234 15 0,633 
6 23 8,30 1300 275 491 85 80 2440 256 33 1,214 
7 23 8,11 1700 60 443 85 45 1640 312 20 1,120 
8 24 8,91 2700 113 582 82 30 2680 462 15 0,725 
9 28 8,06 2260 55 458 80 21 990 441 21 2,846 
10 26 7,93 1600 25 528 93 29 640 500 20 4,609 
11 27 7,92 1600 51 557 75 39 1100 308 28 2,629 
12 24 8,02 1600 99 625 85 41 1300 531 10 1,048 
13 22 8,25 2800 75 692 78 31 980 406 10 1,019 
14 30 8,23 1360 101 650 92 70 1700 343 16 0,892 
15 28 8,50 1740 93 754 85 44 2100 449 8 0,428 
During the aerated phase, the results of the 15 cycles showed that was possible to achieve 98% ammonia 
nitrogen removal efficiencies after 48 hours of aeration with nitrate predominance in the reactor content, 
evidenced by the rates (NO2-/ NO2-+ NO3-) near to 1. The main mechanism of the nitrite oxidizer bacteria 
inhibition was free ammonia concentrations between 1,177 to 17,29 mg.NH3/L, the specific nitritation rates 
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varied between 0,043 to 0,154 kg.N-NH3/kg.SSV day, for temperatures between 22 and 30°C. The results 
showed in Table 3, demonstrate stability in the process of nitritation and appropriate operational strategy to 
ensure the sustained accumulation of nitrite in the reactor inhibits the formation of nitrate, showing adaptation 
of microorganisms to high concentrations of ammonia nitrogen to which they were exposed. 
Table 3. Results of Aerated Phase 
Cicle T (°C) pH 
Total 
Alkalinity 
 (mg/L 
CaCO3) 
DBO 
(mg/L) 
DQO 
(mg/L) 
SSV 
(mg/L) 
NKT 
(mg/L) 
 
N-NH3 
(mg/L) 
 
Nitrito 
(mg/L) 
Esp. nitritation 
rate  
(Kg N-NH3/ 
Kg SSV.dia) 
1 22 8,01 400 47 3000 2430 84 nd 296 0,057 
2 23 8,03 700 73 5400 2840 84 nd 305 0,043 
3 24 8,59 540 110 4000 1360 92 nd 227 0,108 
4 24 8,76 900 70 7320 2210 98 nd 275 0,089 
5 23 7,78 600 111 4600 1720 98 nd 452 0,064 
6 23 8,23 500 161 4600 1450 90 nd 335 0,066 
7 23 7,82 500 32 4200 1130 84 nd 484 0,109 
8 24 8,82 1300 50 4200 1630 84 nd 590 0,081 
9 27 7,85 700 50 3800 1330 76 nd 712 0,088 
10 26 8,08 800 17 3800 1280 76 nd 721 0,083 
11 26 7,76 500 45 4200 1250 48 nd 614 0,088 
12 24 8,53 900 40 4752 860 98 nd 897 0,112 
13 22 8,48 900 68 3846 990 76 nd 537 0,154 
14 30 8,05 600 75 5400 1800 84 nd 497 0,068 
15 28 8,76 900 75 6588 2400 87 nd 549 0,073 
nd: not detectable by analytical method 
4. Conclusions 
Results certified the applicability of the biological process of nitritation/desnitritación in the treatment of 
effluents with low C/N as landfill leachate, when the anoxic phase duration should not exceed one hour due to 
the low concentration of easily biodegradable organic matter. While the accumulation of nitrite at the end of 
the aerobic phase of treatment cycles showed high stability recording removal efficiencies of nitrogen. 
However, it is necessary in future studies evaluating the effect of adding an external carbon source on 
desnitritación rates and study alternative post-treatment of effluent in order to reduce the concentration of 
recalcitrant organic compounds. 
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